Skilled readers of Chinese participated in sorting and visual search experiments. The sorting results showed that under conditions of conflicting information about structure and component, subjective judgments of the visual similarity among characters were based on the characters' overall configurations (i.e., structures) rather than on the common components the characters possessed. In visual search, both structure and component contributed to the visual similarity reflected by the search efficiency. The steepest search slopes (thus the most similar target-distractor pairs) were found when the target and the distractor characters had the same structure and shared 1 common component, compared with when they had different structures and/or shared no common components. Results demonstrated that character structure plays a greater role in the visual similarity of Chinese characters than has been considered.
Studies of visual word recognition have largely drawn on written English for stimulus material. Conclusions based on such studies, however, may be properly applied only to English or, in general, to languages with alphabetic orthographies at best. Recently, researchers have turned to investigations using experimental materials in written Chinese for the following three reasons. First, the Chinese writing system is said to be a logographic system. Many observe that the shape-meaning relationship for a character seems to be much closer than that for an alphabetic word (Biederman & Tsao, 1979; Chen, Flores d'Arcais, & Cheung, 1995; Chen & Juola, 1982; Leck, Weekes, & Chen, 1995; Park & Arbuckle, 1977; Sasanuma, 1975; Sasanuma, Itoh, Kobayashi, & Mori, 1980; Wang, 1973;  however, see Liu, 1995; Tzeng & Hung, 1988) . A widely held view of lexical processing in this field is the dual-route model (e.g., Coltheart, 1978; Forster, 1976; Morton & Patterson, 1980) , in which it is hypothesized that either a direct visual route from orthography to meaning or an indirect, phonologically mediated route can be used for accessing the meaning of a lexical item. In English, if a phonological effect is found, use of the indirect route is inferred; if no such effect is found, use of the direct visual route is then inferred. The logographic nature of written Chinese thus provides a unique opportunity to demonstrate the existence of the direct visual route without inference from negative results Leck et al., 1995) .
Second, homophones are prevalent in Chinese; for the 4,000 -5,000 syllables encountered daily, the number of possible written syllabic forms (as Chinese characters represent monosyllables) is only about 400 (Cheng, 1982) . The written versions of these homophones may have very little visual similarity (e.g., both and are pronounced as /feng1/). On the other hand, characters similar in shape may have different pronunciations (e.g., is pronounced /shi1/, and is pronounced /feng1/). Thus, the relationship between the visual properties of written syllables and their phonological properties that characterizes alphabetic systems is weaker in Chinese. This makes written Chinese an excellent candidate for investigation of the effective locus of phonological processing in recognizing visual words.
Third, Chinese characters are different from linearly arranged alphabetic words in that each character consists of strokes or stroke patterns that are combined into various structures, and each character occupies a roughly constant square-shaped size, irrespective of its structure and the number of strokes in the character. It has been estimated that more than 80% of Chinese characters are phonetic compounds (Zhou, 1978) that usually consist of two kinds of components 1 : the radical component and the phonetic component. 2 The radical component in a compound character usually conveys the semantic information, and the phonetic component tends to provide the phonetic cue of the compound. For example, the compound character (/yang2/, meaning ocean) consists of the semantic radical component (meaning water) and the phonetic component (/yang2/). In this example, both the semantic mapping from the radical to the compound and the phonetic mapping from the phonetic to the compound are consis-tent. Variability exists in the consistency of the mapping for each, however. For example, the semantic mapping can vary from transparent to opaque, and a valid phonetic mapping comprises less than 40% of the simplified script used in mainland China and Singapore (Zhou, 1978) and less than 30% of the complicated script used in Taiwan and Hong Kong (Liu, Su, & Chen, 2001) .
The distinction between the radical and the phonetic is functional rather than graphic. That is, a certain component (e.g., , /shan1/, meaning mountain) can be a radical in one case (e.g., , /feng1/, meaning mountain peak) and phonetic in another (e.g., , /shan1/, meaning vilify). In addition, although a large proportion of radicals occur on the left side and a large proportion of phonetics occur on the right side of the compound character, the relation between the component's position and its function is not deterministic. For example, the radical component can occur on the left (e.g., ), top (e.g., ), bottom (e.g., ), or right (e.g., ). In this example, the proportions of the component usually change when the character structure changes. Many of the components, whether they are the radical or the phonetic, can also be a character in their own right. These qualities make Chinese characters a unique tool for investigating submorphemic processing of visual word recognition (e.g., Chen et al., 1996; Feldman & Siok, 1997 , 1999 Taft & Zhu, 1997; Taft, Zhu, & Peng, 1999) .
Although there has been an increase in the use of Chinese characters as experimental stimuli, relatively little attention has been paid to the role of the grapheme or orthography in Chinese character recognition. This lack of empirical studies concerning this key methodological component has led to choices of stimuli often varying, in terms of their graphic aspects, across experiments. For example, to achieve visual similarity in stimulus characters, some researchers have chosen characters that share common components. The common components may be the same radical, for example, and , or and (Chen & Juola, 1982; Leck et al., 1995; Perfetti & Zhang, 1991) , or the same phonetics, for example, and , or and (Chen & Juola, 1982; Chua, 1999; Leck et al., 1995; Perfetti & Zhang, 1991) . These two criteria have usually been treated as interchangeable (e.g., Perfetti & Tan, 1998; Perfetti & Zhang, 1991; Tan et al., 1996; Wu, 1990) , although there are exceptions (e.g., Chen & Allport, 1995; Chen et al., 1996; Feldman & Siok, 1997 , 1999 . Among these studies, sometimes characters that appear similar or share common strokes have also been selected as a visually similar pair: for example, and , and , and , and , or and (e.g., Leck et al., 1995; Perfetti & Tan, 1998; Perfetti & Zhang, 1991; Tan et al., 1996) .
In an attempt to empirically examine the issue of visual similarity in Chinese characters, Yeh, Li, and Chen (1997) asked skilled Chinese readers to classify samples of Chinese characters according to their shapes. The character space obtained from a multidimensional scaling (MDS) analysis based on participants' similarity judgments indicated two major axes in classifying Chinese characters: (a) horizontal (e.g., , in which the two components are arrayed left to right) versus vertical (e.g., ), and (b) bounded (e.g., , in which one component is enclosed by another) versus open (e.g., ). A feature-based similarity analysis revealed that the skilled readers' similarity judgments were not based on the particular strokes or features of the characters. Rather, the structure of the characters was the determining factor of the similarity judgment. Therefore, even characters that differed in all their components could be judged similar and located closely in the character space if their structures were similar, such as and . Furthermore, a hierarchical cluster analysis revealed five major clusters: [H and L] and [V and (P and E)] , where H, L, V, P, and E stand for horizontal (e.g., ), L-shaped (e.g., ), vertical (e.g., ), P-shaped (e.g., ), and enclosed (e.g., ) structures, respectively (Yeh, Li, & Chen, 1999) .
These results were obtained from at least three different sets of characters that were sampled to cover as comprehensively as possible the shape spectrum of Chinese characters and were obtained across different samples of skilled readers (Yeh et al., 1997; Yeh, Li, & Chen, 1999) . Japanese undergraduates who were familiar with Kanji (Chinese characters used in Japanese script) rendered the same pattern as skilled Chinese readers; however, those who had not learned Chinese, such as Taiwanese kindergartners, illiterate elders, and American undergraduates, did not extract or use the structural information in the shape-sorting task (Yeh, Li, Takeuchi, Sun, & Liu, 1999) . Although various types of character structures have been identified among Chinese characters (Chan, 1992; Huang & Wang, 1992; Leck et al., 1995; Liu, 1984; Liu & Yeh, 1977; Liu, Chang, & Yang, 1979; Yeh & Liu, 1972; Yin & Rohsenow, 1994) , to our knowledge, Yeh and colleagues (Yeh et al., 1997; Yeh, Li, & Chen, 1999; Yeh, Li, Takeuchi, et al., 1999) provided the first set of empirical studies directly addressing the issue of character structure categorization.
It may be argued that these structure categories were established by explicitly asking the participants to classify various characters in terms of their shapes. When no such request is made, as in many paradigms of visual character recognition, whether these structure categories are also perceived and processed remains an open question. In consideration of this, Yeh (2000) used a visual search paradigm in which no explicit request for shape comparison was made to examine whether structure information was still perceived and used in discriminating target characters from distractors. The participants were asked to search for a unique character within a homogenous field consisting of multiples of another character, or to find a prespecified target character among distractors. The results showed that when a target character was different in structure from the distractors, the slope of the function relating reaction time (RT) to set size (i.e., total number of stimulus items) was significantly more shallow than when both the target and the distractors had the same structure. Furthermore, different slope values were obtained for the 10 target-distractor pairs formed by the five major structure types. These results are in accordance with the explicitly rated similarity relationships between differently structured characters in the earlier two reports (Yeh et al., 1997; Yeh, Li, & Chen, 1999) . The results indicated that character structure was also perceived and used in a short RT response when no explicit request for judging the shape of the characters was made.
These studies have revealed an important aspect of Chinese characters that has long been overlooked: their configurational structure. A character's structure is formed by arranging various components in appropriate positions relative to one another; thus, the relative position of different components would have to be perceived for a reader to access structural information. Whether the component per se has to be recognized before the extraction of structure information requires further investigation and cannot be determined in these studies, including the present one. What is emphasized here, however, is that character structure is the basis for similarity judgments of skilled readers in a sorting task; it can affect the search efficiency in a visual search task, and readers' exploitation of it in such tasks probably reflects overlearning.
The studies of Yeh et al. (1997; Yeh, Li, & Chen, 1999) and Yeh (2000) , although shedding some light on the issue of visual similarity of Chinese characters by emphasizing the role of structure, did not, however, directly examine the relative role of structure and component in graphemic similarity. Those studies were a first attempt to establish the classification system of graphical similarity of Chinese characters; therefore, the sample characters chosen and the range of structural variations these characters covered were designed to be as diverse as possible, which did not include, for example, characters with different structures but common components. Furthermore, many researchers who treated characters with common components as similar also usually held character structure constant; however, the criteria for distinguishing structure types appeared to be generally intuitive and may not be consistent with the aforementioned, empirically obtained categories. It is thus unclear whether the difference in the visual similarity between these characters could be increased by taking into consideration the differences in their structures. That is, whether a larger difference in similarity can be obtained by comparing characters with the same structure and one common component to those with different structures and no common component has yet to be determined.
The goal of this study was to examine the role of structure and component in judgments of visual similarity of Chinese characters by explicitly manipulating the structure and components of Chinese characters within a single experimental framework. In Experiment 1, we used a sorting task as in Yeh et al. (1997; Yeh, Li, & Chen, 1999; Yeh, Li, Takeuchi, et al., 1999) but chose characters that either shared a common component but had a different structure or shared the same structure but had different components. To facilitate the task of finding suitable characters belonging to each of the specified conditions, in Experiment 1, we combined the five major structure types found in our previous studies into three: horizontal, vertical, and bounded. (The last category included the P-shaped, L-shaped, and enclosed types in Yeh et al., 1997; Yeh, Li, & Chen, 1999 .) Experiment 2 adopted a visual search task as in Yeh (2000) but used a 2 (structure: same or different) ϫ 2 (component: same or different) factorial design. In Experiment 2, we used only the two most frequently occurring structure typeshorizontal and vertical-to keep the experimental design as straightforward as possible.
Experiment 1

Experiment 1A: Constrained Sorting
To investigate the role of structure and component in judgments of visual similarity of Chinese characters, we first used the same sorting task as in Yeh et al. (1997; Yeh, Li, & Chen, 1999) to examine what occurs when the factors of structure and component lead to different predictions concerning participants' similarity judgments. Three aspects of a Chinese character were considered: the radical, the phonetic, and the structure. The radicals used in this study were the bushou selected from the New Eastern Chinese Dictionary (1986, 2nd ed.) . We chose phonetic components with a stroke count of more than half of the total number of strokes in that character. For the structure, three types were specified: horizontal, vertical, and bounded.
We would have preferred to choose samples of Chinese characters sharing one variable in common but differing in the other two variables. That is, optimally, each set would have consisted of three characters, C1, C2, and C3, such that Pair C1-C2 shares the radical but differs in the structure and the phonetic, Pair C2-C3 shares the phonetic but differs in the structure and the radical, and Pair C1-C3 shares the structure but differs in the radical and the phonetic. However, in practice, it is almost impossible to find such sample sets, because a compound character's radical and its structure are usually interdependent, due to character formation rules of Chinese. For example, the radical (/cao3/), meaning grass, is usually placed on top of a character that has a meaning related to grass, such as (/cao3/), meaning grass, (/ye4/), meaning leaf, and (/hua1/), meaning flower. These words are thus vertical in structure. Another example is the radical (/ren2/), meaning human. This semantic radical usually appears on the left side of a character and thus forms words with meanings related to human that are horizontal in structure; for example, (/xin4/), meaning trust, (/ren2/), meaning kindness, and (/yi2/), meaning ceremony. Although the radical and the structure cannot be two independent variables, the radical and the phonetic can, because the phonetic is, by definition, not the meaning-conveying radical of a compound character.
Therefore, only two groups of Chinese characters were selected. In one group, the characters shared the same radical but differed in both the phonetic and the structure (Type 1: same radical), and in the other, the characters shared the same phonetic but differed in both the radical and the structure (Type 2: same phonetic). In each group, there were four sets of characters, with each set consisting of three characters belonging to the following three types of structure: horizontal (H), vertical (V), and bounded (B). When characters of the same-radical and the same-phonetic groups were combined and rearranged according to their structures, another group of samples that shared one of the structures (H, V, or B) then emerged (Type 3: same structure). All stimulus materials used in this experiment are shown in Appendix A.
We refrained from choosing another group of characters in the same-structure type to keep the number of characters in the three groups roughly the same; if we had chosen another group of characters for the same-structure type, the number would have greatly exceeded those of the other two types, because characters in the same-radical and the same-phonetic types had their own structures and could each belong to instances of the same-structure type. To conceal our types organizational scheme such that no response bias would be induced, we added six characters as foils that did not explicitly belong to any of the three structure types.
Method
Participants. A total of 40 native speakers of Mandarin who were undergraduates at National Taiwan University participated in this experiment, to obtain extra credit in their introductory psychology course. All had normal or corrected-to-normal vision and were naive to the purposes of this experiment.
Stimuli. Thirty characters (12 same-radical and 12 same-phonetic characters that belonged to three structure types, plus 6 foils) were each printed in black and pasted in the center of 9-cm ϫ 5.4-cm white cards. The characters appeared in 36-pt Xi-Ming font ( ). When printed, each character occupied 1.2 cm ϫ 1.2 cm in space.
In choosing these samples, we also considered the semantic relationships and the pronunciations among these characters. The procedure for selecting sample characters was as follows: Components (either the radical or the phonetic) that occurred in many characters were selected first, such as , , , and . Then, characters that were similar in stroke count but differed in pronunciation and semantics were chosen from among characters that contained these components. A final check was conducted by pooling all sample characters and then excluding homophones that had the same phonemes and tones.
3 Synonyms, highly semantically related characters, and characters of very high or very low frequency (based on the 20,698,116 characters that appear in journals and newspapers; according to Academia Sinica, 1993) were excluded as well. The resulting 30 selected characters possessed stroke counts of 8 -16 (M ϭ 11.8).
Procedure. Participants were tested individually in a quiet room. They were seated beside a table with 30 cards placed on the desktop and were instructed to "judge the similarity of the shapes of characters," and "put similar characters into the same pile and dissimilar characters into different piles." During each session of the sorting task, the 30 cards were shuffled and then presented with the characters facing up at random locations on the desktop. These cards had to be put into a predesignated number of piles (2, 3, 4, 5, or 6 piles) as requested on each trial, for a total of five trials, and the sequence regarding the number of piles to create was counterbalanced among participants. After the participants finished the task, they were asked to write down the rules they had used for sorting-rules they had determined themselves with no instruction-to complete the task.
Results and Discussion
For each participant, a 30 ϫ 30 matrix (Pair ij , i ϭ 1 ϳ 30, j ϭ 1 ϳ 30) was built, with entries indicating how many times characters i and j were placed in the same piles. Each cell in the matrix was assigned a value of 1 if the pair of characters was placed in the same pile and a value of 0 if the pair was placed in different piles. The highest score for each pair was 5 for each participant. A pooled matrix was obtained by summing the participants' matrices, and then the matrix was submitted to the following analyses.
Multidimensional scaling. An MDS procedure was adopted for the analysis. MDS, also known as perceptual mapping, is the process of transforming participants' judgments of similarity into distances represented in a multidimensional space. The intercharacter distances fit as closely as possible the original distances reflected by their similarity relationships (Kruskal, 1964a (Kruskal, , 1964b Shepard, 1962a Shepard, , 1962b . We calculated a dissimilarity matrix by subtracting the score of each cell from the largest score in the pooled similarity matrix and submitting it to a commonly used MDS procedure, alternating least squares scaling (ALSCAL; Takane, Young, & de Leeuw, 1977) . A euclidean space of two dimensions was used, considering several factors including the exact stress value, the Shepard diagram, and the explanation power. The character space we obtained is shown in Figure 1 . The Stress 1 value (Kruskal, 1964a) of the two-dimensional space was 0.17. This is considered to be a good fit (Kruskal & Wish, 1978) , R 2 ϭ .89. As shown in Figure 1 , the horizontally structured characters (such as , , and ) are clustered on the right side of the vertical meridian. The vertically structured characters (such as and ) and the bounded characters (such as , , and ), which appeared to be vertically shaped and were adjacent to the vertical characters, are clustered on the left side. Therefore, we can define the x-axis as horizontal-vertical. In regard to the y-axis, most of the characters with a bounded structure (such as , , , and ) are located on the upper part of this axis, and characters with an open structure (such as , , , and ) are located on the lower part. Therefore, it is reasonable to call this axis openbounded. The two axes, horizontal-vertical and open-bounded, are consistent with those identified in the previous studies (Yeh et al., 1997; Yeh, Li, & Chen, 1999) . In the first quadrant of the character space, the L-shaped character stands alone and is located relatively near to the horizontal characters. In our previous studies, the L-shaped characters were located close to each other and separated from characters with other structures. In a twodimensional space, these L-shaped characters were judged as more similar to horizontally structured characters; therefore, these two structure types were located on the same side of the horizontalvertical axis. Because only one L-shaped character was used in this experiment, this character appeared to be isolated from other characters. Nevertheless, the pattern of results is quite consistent with the results of previous work (Yeh et al., 1997; Yeh, Li, & Chen, 1999) .
More important, the characters that shared the same phonetic, such as , , and , are located away from each other. For example, is located in the third quadrant, is located on the border of the first and fourth quadrants, and is located in the second quadrant. The same situation occurred for those characters that shared the same radical, , such as , , and . For example, is located in the third quadrant, is in the first quadrant, and is in the second quadrant. The only exception is those characters that shared the same radical, , such as , , and . These are clustered in the same quadrant, the third. As stated above, however, the radical and the structure are not independent variables; therefore, for the radical , in particular, we believe the same structure (i.e., vertical structure), but not the same radical, accounts for these characters' close association in the character space. Further evidence for this inference comes from the other characters located in this quadrant having the same vertical structure, such as , , , and . These results show that the locations of characters in the character space are mainly determined by their structures but not by their common radicals or phonetics.
Hierarchical cluster analysis. In addition to MDS, the pooled similarity matrix was also submitted to hierarchical cluster analysis. Hierarchical cluster analysis is a multivariate technique to group items on the basis of the characteristics they possess. The resulting clusters of items should then exhibit high internal (within-cluster) homogeneity and high external (between-clusters) heterogeneity. The procedure constructs a hierarchy in the form of a tree diagram. Various methods of clustering can be used to compute the distance of one item (or cluster) from another and to determine whether the two should be merged at each stage. We chose one of the most commonly used joining algorithms for nonmetric (rank-order) psychological data for our analysis, the complete linkage method (Johnson, 1967) . The resulting tree diagram is shown in Figure 2 .
There were three main branches in the tree diagram, as labeled A-C in Figure 2 . Cluster A contains the horizontal characters, Cluster B contains the vertical characters, and Cluster C contains the bounded characters. The only L-shaped character, , was grouped with horizontal characters in Cluster A. Characters sharing the same radical or the same phonetic are not clustered together. These results are consistent with the previous MDS results.
Classification basis. As for the classification principles recalled by participants, the most frequently cited were the characters' horizontal or vertical structure. These were cited with frequencies of 36 (90.0%) and 29 (72.5%) out of 40 participants, respectively. Only 9 participants (22.5%) reported that they classified characters according to the common radical, and 9 participants (22.5%) reported that they classified according to the common phonetic. Each participant was allowed to report more than one kind of classification rule. These reported classification rules agree with the organization revealed by the MDS analysis. However, there was one possible confounding variable here. In our samples, there were three characters in each set in the sameradical and the same-phonetic types, but there were eight characters in each set in the same-structure type (for a total of three sets). If the participants had tended to classify characters according to the same-radical or the same-phonetic type, there would have been more than six piles. Because the participants were restricted to classifying the characters in up to six piles, the presumed classification based on the phonetic or the radical, if any, would be largely constrained. Experiment 1B was designed to examine whether the task per se (e.g., the constrained sorting used in Experiment 1A) affected the results.
Experiment 1B: Unconstrained Sorting
To eliminate any possibility of bias induced by the task demand in Experiment 1A, we used an unconstrained sorting task, in which the participants could sort these characters into as many piles as they liked, in this experiment. If, in Experiment 1A, the restriction on the number of sorting piles led the participants to group characters according to their structures but not according to their radicals or phonetics, then we predicted the absence of any such restriction on the number of sorting piles would prevent such a bias from occurring.
In Experiment 1A, each participant sorted the same set of cards five times (into different numbers of piles: 2, 3, 4, 5, and 6); thus, the highest score of a cell in the similarity matrix for each participant was 5. In this experiment, however, each participant was required to do the sorting task only once, which limited the amount of data obtained. To gather roughly the same amount of data points within each cell of the similarity matrix, as in Experiment 1A, we needed to increase the number of participants. For this purpose, a questionnaire was designed for use with several large groups of participants. 
Method
Participants. A total of 162 undergraduates were recruited from the same subject pool as in the previous experiment.
Stimuli and procedure. A character-sorting questionnaire was designed as follows: The same set of 30 character samples as in Experiment 1A was used. All the sample characters were printed within a black frame, 16.5 cm ϫ 9 cm, on a page of white, A4-sized paper. Each character covered an area of 1.2 cm ϫ 1.2 cm. The stimulus characters were arranged in a 6 ϫ 5 matrix. In the matrix, the space between two columns was 1.3 cm, and the space between two rows was 0.6 cm. The 30 characters were randomly ordered with respect to the factors of radical, phonetic, and structure. Ten versions of the questionnaire with different placements of characters were constructed.
The instructions were also printed on the same page, asking the participants to classify characters in terms of their shapes. Three points were emphasized in the instruction. (a) The participants were asked to write down the characters that had similar shapes in the same rows on the answer sheets. (b) Each character had to be classified once and only once; therefore, they should double-check whether their answers contained 30 characters in total. (c) There were no restrictions on the number of groups into which they could sort the characters, and the number of characters in each group did not have to be equal. Participants wrote down their answers on the same page. On the next page, they were asked to write down the principles they used to group the characters. Participants were tested in groups.
Results and Discussion
Multidimensional scaling. The MDS result is shown in Figure  3 . The Stress 1 value was 0.24, and the R 2 value was .77. Again, characters with horizontal structure converged on the right side of the vertical meridian, and characters with vertical structure converged on the left side. The characters with bounded structure were located above the horizontal meridian, and those with open structure were located below it. The two axes can still be identified as horizontal-vertical and open-bounded structures, consistent with the results of Experiment 1A. In fact, in a comparison of Figure 3 with Figure 1 , it is clear that these two character spaces are very similar.
Hierarchical cluster analysis. The results from the hierarchical cluster analysis are shown in Figure 4 . Again, there are three main clusters in the treelike structure, labeled A-C. Cluster A contains the horizontally structured characters, Cluster B contains the bounded-structure characters, and Cluster C contains the vertically structured characters. All the clusters were classified on the basis of their structures. Neither the same radical nor the same phonetic affected the groupings. This result is also consistent with that of Experiment 1A.
Classification basis. As before, the bases on which participants classified the characters was determined. A total of 70 participants (43.2%) reported that they classified the characters by their horizontal or vertical structures, 43 (26.5%) reported that they classified the characters by their enclosed structure, and 39 (24.1%) reported that they classified the characters by their P-shaped structure. All are rules related to the same structure. A total of 43 participants (26.5%) reported that they classified characters on the basis of the same phonetic, and 30 participants (18.5%) reported that they classified on the basis of the same radical. The most frequently cited rules were still relevant to the same structure, including horizontal, vertical, and bounded structures. This was consistent with the results of the MDS and cluster analyses.
Comparison of Experiments 1A and 1B. The Stress 1 value of MDS in Experiment 1A was 0.17, but in Experiment 1B, it was 0.24 (as the value becomes larger, the fit becomes worse). Further, the R 2 values declined from .89 to .77 from Experiment 1A to Experiment 1B. We suspect that both the Stress 1 value increase and the R 2 value decrease from Experiment 1A to Experiment 1B are due to the increased variance as a function of the unconstrained sorting conducted with a larger sample size in Experiment 1B. However, although there is a difference in the goodness-of-fit index, the patterns of results obtained in Experiments 1A and 1B are essentially the same. Tree diagrams of cluster analysis show similar main clusters as well, except that the relative positions of the bounded-structure clusters and the vertically structured clusters are exchanged in Figures 2 and 4 . This does not affect the main conclusion, however. Therefore, both constrained sorting (Experiment 1A) and unconstrained sorting (Experiment 1B) revealed similar results: Similarity judgments of character shapes in the type of sorting task used here are mainly determined by the constructive structure of the characters. 
Experiment 2: Visual Search
Although the sorting tasks used in Experiment 1 allowed us to explore factors affecting character similarity judgments, various levels of processing, including perception, recognition, memory, and decision making, could possibly be involved in such sorting. In addition, the participants were explicitly asked to sort the sample characters according to their shapes, which is not usually performed in reading or visual character recognition. To examine whether the same effect of character structure exists during a shorter time course and when no explicit shape sorting is required, in this experiment, we conducted a visual search task. 4 In a visual search task, participants are asked to search for a target among distractors as quickly but as accurately as possible. The set size varies from trial to trial, and only half the trials contain the target. The slope of the function relating RT to set size presumably reveals the processing of target in relation to distractors. Search efficiency (i.e., search slope) is assumed to reflect the degree of similarity between the target and the distractors (Duncan & Humphreys, 1989) . As the target-distractor pairs become more similar, the search becomes less efficient, thus leading to a steeper slope in the RT versus set size function. Because Yeh (2000) established that the slope of the visual search task can be used as the similarity index between various constructive structures of Chinese characters, we adopted the same visual search task in this experiment.
Method
Participants. A total of 14 participants, undergraduate and postgraduate students studying at National Taiwan University, were recruited to participate in this experiment. All were native speakers of Mandarin and had normal or corrected-to-normal vision.
Stimuli and design. Two types of target-distractor pairs were chosen: same radical and same phonetic. For each type, two factors (structure and component) were manipulated. Four conditions were then specified by varying the two factors in a 2 (structure: same or different) ϫ 2 (component: same or different) design. Therefore, for each type, the target character was paired with the following four kinds of distractors: (a) characters that shared the same structure and one component with the target (S s C s ; i.e., Structure same, component same); (b) characters that shared the same structure with the target but had components different from those of the target (S s C d ); (c) characters that had different structures from that of the target but shared one component with the target (S d C s ); and (d) characters that had different structures from that of the target and different components from those of the target (S d C d ). 4 In a pilot study, we conducted a discrimination task in a fouralternative, forced-choice procedure in which participants were asked to select the quadrant that had a different character in it (the other three quadrants were occupied by other, repeated characters). Because of the nature of the rapid processing of Chinese characters, even within a 20 -30-ms duration, only a ceiling effect was obtained. We have since found that increasing the number of distractors, as in a visual search paradigm, increases the task difficulty, thus eliminating the ceiling effect. In the same-radical type, the two same-component conditions (S s C s and S d C s ) consisted of pairs with the common radical , such as and (S s C s ), and and (S d C s ). In the same-phonetic type, the conditions consisted of pairs with the common phonetic , such as and (S s C s ), and and (S d C s ). Neither type contained any target-distractor pairs that were synonyms or homophones (from sharing the same phonemes, tones, or both), nor could they form two-character words. There were thus eight kinds of target-distractor pairs, as shown in Appendix B. The complexity of each character, as measured by the number of strokes, was kept the same across the four conditions, as was the range of the frequencies of these characters (according to Tsai, 1996) .
Stimuli were presented on a 20-in. (50.8-cm) EIZO monitor driven by a personal computer (Pentium 90). At a viewing distance of 115 cm, each character was extended at a visual angle of about 0.69°ϫ 0.69°. These characters were in white Xi-Ming font presented on a black background. The participant sat in a dimly lit experimental chamber with a chin rest to fix his or her head position so that the center of the display was kept at about eye level. The participants were asked to respond by pressing two keys on a regular keyboard, and the assignment of yes or no to these two keys was counterbalanced across participants.
The display contained 1, 8, or 24 items. The characters were arranged in matrices of 3 ϫ 3 or 5 ϫ 5 locations. Each cell in this matrix covered 64 ϫ 64 pixels, and each character covered 32 ϫ 32 pixels. The central cell was always occupied by the fixation pattern, which was a plus sign. Each character was randomly positioned at one of the cell locations (except for the central location), with the only constraint being that its entire shape would be within the cell boundary. For the displays of one character, each of the eight cells in the 3 ϫ 3 matrix was used about equally often, with the exact cell to be presented being randomly assigned. For displays of 8 or 24, each cell of the 3 ϫ 3 or 5 ϫ 5 matrices, respectively, was occupied. Figure  5 shows an example of the display pattern of Size 8 in the S s C s condition of the same-radical type and shows the experimental procedure in this experiment.
For each target-distractor pair, the three set sizes (1, 8, and 24) were each repeated 20 times, with an equal number of target-present and target-absent trials. There were 480 trials (60 trials ϫ 8 pairs) in total. The four factors (structure, component, set size, and presence) were all manipulated within-subject. A mixed design was used, in which the order of the 480 trials was randomized.
Procedure. At the start of each trial, a predesignated target was shown at the center of the monitor. The participant was instructed to press the spacebar to proceed when she or he was ready. Next, the fixation pattern was presented for 500 ms, followed by a 100-ms blank interval, and then the display frame was shown until the participant pressed the response key. Participants were to judge whether the display frame contained the target, as quickly and as accurately as possible. Feedback was provided in the form of a beep, which signaled an incorrect response. The intertrial interval was 1 s. A summary table of mean reaction time and accuracy was presented after every 20-trial session, and the participant could then take a short break.
Results
The mean error rate was 6.4%. Table 1 shows the mean reaction times for correct trials and the percentages of error for each condition. Figure 6 shows the RT ϫ Set Size functions for the four conditions (S s C s , S s C d , S d C s , and S d C d ) in the same-radical type ( Figures 6A and 6B ) and in the same-phonetic type ( Figures 6C  and 6D) .
ANOVA of raw data. A five-way within-subject analysis of variance (ANOVA) on the reaction times, with the factors of component function (radical or phonetic), structure (same or different), component repetition (yes or no), set size (1, 8, or 24) , and presence (yes or no), was carried out using ANOVA software (Chen & Cheng, 1999 Concerning the ANOVA on the error rates, the main effects of structure, F(1, 13) The four-way interaction of Component Repetition ϫ Structure ϫ Presence ϫ Set Size, F(2, 26) ϭ 5.600, MSE ϭ 0.006, p Ͻ .01, was also significant, but not the five-way interaction of all the factors. The result pattern of the error rates was, in general, similar to that of the reaction times, indicating no speed-accuracy trade-off.
ANOVA of slopes. A more relevant analysis was the ANOVA of the slopes in the RT ϫ Set Size functions across different conditions. We calculated the slope values for each participant, separately for the target-present trials and the target-absent trials under the four conditions of the two target-distractor types, by taking the mean RT at each set size under each condition and fitting it with a linear function. An ANOVA on the mean slopes with the factors of component function (radical or phonetic), structure (same or different), component repetition (yes or no), and presence (yes or no) was performed. There were significant main effects of structure, F(1, 13) ϭ 30.353, MSE ϭ 409.724, p ϭ  .0001, component repetition, F(1, 13) F(1, 13) ϭ 2.189, MSE ϭ 28.960, p ϭ .167, indicating that the result patterns in the target-present trials and in the target-absent trials were the same for the two types of target-distractor pairs (see Figure 6 ). Neither the three-way nor the four-way interactions were significant.
Further analysis of the simple main effect of Structure ϫ Component Repetition showed that the simple main effect of structure was significant for the same-component conditions, Although the statistics indicate a main effect of presence, no interactions of presence with other factors were found. Because no three-way or four-way interactions were found, to compare the four curves in each panel of Figure 6 , we carried out another ANOVA by combining structure and component as one factor (condition The interaction of component function and condition was significant, F(3, 39) ϭ 9.862, MSE ϭ 74.626, p ϭ .0001. No other interactions were found. Further analyses of the interaction effect of component function and condition showed that the simple main effects of condition were significant when the repeated components were the radical, F(3, 78) ϭ 34.161, MSE ϭ 115.972, p Ͻ .0001, and when they were the phonetic, F(3, 78) ϭ 13.902, MSE ϭ 115.972, p Ͻ .0001. A planned comparison showed that for the same-radical type, the slope value was significantly higher in the S s C s condition than in the other three conditions, and the slope value in the S s C d condition was also significantly higher than in the other two conditions (S d C s and S d C d ). For the same-phonetic type, the slope value was significantly higher in the S s C s condition than in the other three conditions, and the slope value in the S d C d condition was significantly lower than in the other three conditions (S s C s , S s C d , and S d C s ).
Discussion
The main effects of structure and component indicate that in a visual search task, both the structure and the components of a Chinese character affect the efficiency of the search for the target character. Searches for a target among distractors with different structures were more efficient than searches for a target among distractors with the same structure. Also, searches for a target among distractors that did not share any components with the target were more efficient than searches for a target among distractors with one common component. When the target and the distractors had the same structure and shared one common component, search efficiency was lowest, as reflected by the steepest search slope, which was that for condition S s C s in Figure 6 . This was true regardless of whether the common components were radicals or phonetics, because there was no main effect of component function on the search efficiency.
Despite the absence of a main effect of component function, we found the interaction effect of component function and condition to be quite intriguing. When the repeated components were the radical, the slope values in the S s C s and S s C d conditions were significantly higher than those in the other two conditions, S d C s and S d C d (Figures 6A and 6B ). This indicates that regardless of whether the target-distractor pair shared one common component, when the target and the distractors had the same structure, the similarity increased (thus, search efficiency decreased), as compared with when their structures were different. However, the effect of component was significant only when the targetdistractor pairs shared the same structure (the slope value in the S s C s condition was higher than that in the S s C d condition), but not when they had different structures (no difference was found between the slope values in the S d C s and S d C d conditions). That is, the structure seemed to play a more important role than the components in the visual similarity of target-distractor pairs when the repeated components were radicals.
This was not the case in the same-phonetic type, however (see Figures 6C and 6D) . When both the structure and one of the components in the target-distractor pair were the same (i.e., S s C s ), the slope value was the steepest, indicating that the similarity between the pair was the highest. When both the structure and the components were different (i.e., S d C d ), the slope value was the most shallow, indicating that the similarity between the pair was the lowest. Only when the structure was different (i.e., S d C s ) or all the components were different (i.e., S s C d ) were slope values, and the similarity relationships, yielded between the S s C s and S d C d conditions. That is, the structure and the components seemed to be two independent factors in the same-phonetic type; therefore, their effects tended to be additive.
It thus appears that the two kinds of components exert their effects differently, in that the radical component seems more correlated with the structure, but the phonetic component can be more or less independent of structure. For example, with the characters and , and and , the radical is typically presented on the left of the character, as in the target , and is seldom presented on the bottom, as in . Therefore, when it occurs in an atypical position, as in , it may not be recognized as an independent component. Therefore, the effect of searching for among is similar to searching for among . This was not the case for the phonetic component , however. Searching for among is less efficient than searching for among , suggesting that in the target-distractor pair of and , the common component shared by the target and the distractors (i.e., ) may have been recognized as an independent component in the target ( ) as well as in the distractors ( ).
Because the proportion of the component usually changes when the structure changes, and changes more so for the radical component than for the phonetic component, can the difference in the proportion of the component account for the interaction effect of component function and condition? We calculated the proportion of each component by dividing the number of pixels each component occupied by the total number of pixels of the whole character in the graphic file of our display. We then compared the proportions of the repeated radical or the repeated phonetic in the different structure conditions. The proportion of the radical in the two different-structure characters and was .76:1, and the proportion of the phonetic in the different-structure characters and was .78:1. Therefore, the proportions of the common component were about the same, which cannot account for the difference in the curves of Figure 6 . Nevertheless, the difference in the proportions of the component may account for the effect of structure on the visual similarity between characters. For the same-structure characters, the proportions of the common radical (e.g., in and ) and common phonetic (e.g., in and ) were 1:1 and .92:1, respectively, and both were higher than the proportions in the different-structure characters for the same-radical type (.76:1) and for the samephonetic type (.78:1). As mentioned before, character structure is formed by the spatial layout of the components, which may vary with the relative position and the relative proportion of the components.
The slope values in the target-absent trials were higher than those in the target-present trials, as expected for visual search results. Furthermore, the general patterns of results, as shown in the four curves of each panel in Figure 6 , are virtually the same across the target-present and target-absent trials for each type, indicating the consistency of these results.
In summary, in visual search, both the structure and the components play important roles in visual similarity between characters. However, the radical component seems to be coupled with structure more than the phonetic component. The effect of structure may be partially accounted for by the proportional change of the component as structure varies.
General Discussion
We have demonstrated, by using a sorting task and a visual search task, the importance of character structure in visual similarity of Chinese characters. In a sorting task as used in Experiments 1A and 1B, participants tended to categorize the shapes of various characters by their structures but not by their common components. In an RT measure of a visual search task, we showed, in Experiment 2, that both structure and component affected the similarity perceived to exist between the target and the distractors. When the target and the distractors shared the same structure and one common component, the search slope was the steepest, because these characters appeared the most similar. Thus, systematic manipulation of structure and component in this study, which was not present in our previous studies (Yeh, 2000; Yeh et al., 1997; Yeh, Li, & Chen, 1999; Yeh, Li, Takeuchi, et al., 1999) , revealed the relative role that the configurational structure and the components of Chinese characters play in visual similarity.
In visual search, the pattern of the steepest slopes (thus the lowest search efficiency) being found in the S s C s condition compared with the other three conditions was very robust, because it recurred for the same-radical type and the same-phonetic type, as well as for the target-present trials and the target-absent trials. Therefore, when both the structure and one component were the same for the target-distractor pairs, the perceived similarity between them was the highest, compared with when the structures, the components, or both were different. The effect of component function was manifested through its interaction with component repetition and structure. When the repeated component was the radical, the structure seemed to be more important in similarity measures than when the repeated component was the phonetic, indicating a possible covariation between structure and the radical. As mentioned before, this may be inherent in the formation rules of Chinese characters. What is evident here, however, is that although, in a sorting task, the participants failed to sort characters by their radicals or phonetics, the two kinds of components did exert their effects differently in a more indirect measure of visual search, and the difference in their effects may have resulted from their relationship with the character's structure. Whereas the radical is interdependent with the structure, the phonetic seems to be more independent as a unit. This is consistent with recent studies that stress the particular role of the radical in Chinese characters (Chen & Allport, 1995; Chen, Allport, & Marshall, 1996; Feldman & Siok, 1997 , 1999 Leck et al., 1995) .
When comparing the results of sorting in Experiments 1A and 1B with those of visual search in Experiment 2, a character's components seem to play a more important role in visual search than in sorting. The results from MDS and cluster analysis in Experiments 1A and 1B showed that subjective judgments of shape similarity using a sorting task were mainly based on the constructive structure of the characters. When the stimuli were presented at a shorter duration, as in RT measurements in visual search, and when no explicit demand to sort by shape was made, the characters' components started to show their effect. Nevertheless, as this comparison is inevitably between tasks differing in stimulus items, procedures, and task demands, we do not make too much of this difference.
The role of structure in character recognition as revealed in this study indicates that more elaborate models concerning the processing of written Chinese characters are needed. In the past, studies on the sublexical components in written Chinese were relatively intensive, as compared with few, if any, studies on the spatial layout of these components (i.e., the structure). The empirical evidence concerning the role of structure in this study may thus provide a useful contribution both theoretically and empirically.
For the present study, the most relevant model may be the interactive activation model of Taft and Zhu (1994) that was originally adopted from studies based on alphabetic scripts (e.g., McClelland & Rumelhart, 1981; Rumelhart & McClelland, 1982) . In this model, the lexicon is made up of hierarchical levels of nodes, including strokes, components, characters, and words. Nodes at the same level have inhibitory connections, and nodes at different levels have excitatory connections. Components are located at the second level, preceding the level of characters. Whether these components are separated into independent sets according to their relative positions at the character level was not specified, although hints indicated possible position sensitivity at this level (Taft & Zhu, 1997; Taft et al., 1999; however, see Feldman & Siok, 1997) . At what level should the structure of characters be placed? It might be at the same level of the components if the components are position sensitive. Alternatively, structure might be placed at the character level once the whole character is recognized. Whatever the levels, the findings reported in this study call for consideration of configurational structure in models of Chinese character recognition.
Besides these theoretical issues, there are practical methodological implications as well. As mentioned before, character structure has long been overlooked in choosing Chinese characters as experimental materials. Our results demonstrate the importance of structure in visual similarity of Chinese characters and may provide useful information in using Chinese characters as experimental materials. For example, many researchers in this field define visual similarity between characters by considering only whether a repeated component exists. That is, characters that share one common component are defined as visually similar, and characters that share no common component are defined as visually dissimilar. Because of disregard to the dimension of character structure, some may leave this dimension unspecified while many choose to keep the character structure constant (although this is usually not explicitly stated). According to such common practice, visually similar characters may correspond to those in our S s C s condition of the visual search task, and visually dissimilar characters may correspond to those in the S s C d condition. The difference in the search slopes for these two conditions was smaller than the difference between S s C s and S d C d , regardless of whether the common component in the S s C s condition was the radical or the phonetic. Thus, there is a caveat here. The structure dimension should be taken into consideration when using Chinese characters as experimental materials. A useful suggestion that emerges from this study is then the following: The processing difference between visually similar and visually dissimilar characters can be further enlarged by choosing characters with the same structure and one common component (i.e., S s C s ) as opposed to characters with different structures and no common components (i.e., S d C d ). 
